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magnetic resonance (MR) imaging for evaluation of acetabular cartilage
thickness in patients with hip dysplasia, however there remains a con-
cern for limited spatial resolution and decrease in signal to noise ratio
of MR imaging to achieve accurate morphological assessments. Isotropic
computer tomography (CT) -arthrography has great advantage in superior
spatial resolution and high signal contrast. The purpose of this study was to
evaluate 3D distribution of acetabular cartilage thickness in patients with
hip dysplasia by semi-automatic computer analysis of high-resolutional
isotrophic CT-arthrography.
Methods: We studied 20 hips in 18 patients with hip dysplasia deﬁned
by center-edge (CE) angle of Wiberg was 24° or less. All patients were
females and the mean age was 32 years (range: 16 - 49 years). On
radiographs, all hips were at Kellgren-Lawrence system of grade 0 (no
osteoarthritic ﬁndings) and the mean of CE angle was 4.5° (range: -12.0° -
16.5°). After injection of contrast medium into hip joint under ﬂuoroscopy,
multi-detector row herical CT scanning was performed with continuous leg
traction system to demonstrate the acetabular and femoral cartilages dis-
tinctly by interposition of joint ﬂuid layer. Axial images were reconstructed
with an in-plane resolution of 0.5mm × 0.5mm, and longitudinal resolution
of 0.5mm. CT data was transferred in DICOM format to the semi-automatic
cartilage thickness analysis software (Baum globe; Osaka University, Japan).
First, the center of acetabular dome in 3D space was deﬁned by ﬁtting the
spherical ball with appropriate radius attached acetabulum. Second, the 3D
cartilage surface model was constructed after binarization of CT data. The
cartilage thickness was automatically calculated by subtraction of distance
between the inner cartilage edge and the acetabular center from distance
between the outer edge and the acetabular center, and was displayed
with color mapping (Fig. 1A). Third, the acetabular cartilage between the
anterior 60° range and posterior 60° range was divided into 6 zones in
increments of 20° (Z1-Z6) and each ROI was further divided into lateral (L)
and medial zones (M) (Fig. 1B). The average cartilage thickness at each zone
was calculated and compared between the lateral and the medial zones.
We compared cartilage thickness at each ROI between the younger (age <
35 years) and the older (age ≥ 35 years) groups, and among the severe (CE
angle < 0°), the moderate (0° ≤ CE angle < 10°) and the mild (10° ≤ CE
angle) dysplasia groups.
Figure 1. 3D distribution of cartilage thickness and deﬁnition of 12 ROIs. (A) 3D image of
cartilage thickness with color mapping. (B) Image seen from acetabular opening (arrow
in A) and deﬁnition of 12 ROIs.
Results: There was a general trend that the cartilage thickness was in-
creased toward the Z3. The lateral zone is signiﬁcantly thicker than the
adjacent medial zone at each zone (p<0.05) (Fig. 2). Between the younger
and the older groups the thickness at each zone was not signiﬁcantly dif-
Figure 2. Comparison of the cartilage thickness between the lateral zones and the medial
zones.
Figure 3. Comparison of the cartilage thickness among the severe, the moderate and the
mild dysplasia groups.
ferent. The medial cartilage in the severe dysplasia group was signiﬁcantly
thicker than that in the mild group at Z3 (p<0.05) (Fig. 3).
Conclusions: In patients with hip dysplasia the distribution of acetabular
cartilage thickness was not uniform. There was a general trend the cartilage
thickness was increased toward the Z3 and the distribution of acetabular
cartilage thickness may differ according to the severity of dysplasia. The
current study suggested that care should be taken to deﬁne cartilage thick-
ness threshold in deﬁnition of osteoarthritis criteria. This technique may be
useful for early detection of cartilage disorder and operative planning for
periacetabular osteotomy visually and quantitatively.
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Purpose: We have hypothesized that osteoarthritis (OA) is a systemic
disorder with a metabolic component involving lipid metabolism. The aim
of this study was to measure the fractional fat content and its distribu-
tion in the hip using MRI and relate this to OA severity assessed using
Kellgren-Lawrence grade (KLG) from conventional radiographs and DXA.
Methods: 67 subjects (28 male and 39 female, ages 40-81 years) were
recruited from either the local Radiology Information System or the pre-
operative assessment clinic. Coronal images of the hips were recorded
on a Philips 3T Achieva scanner using the three-point-Dixon technique.
Fractional Fat (FF) content was calculated as the ratio of the fat signal
amplitude to the total signal amplitude (fat and water) in selected regions.
In each hip 6 regions of interest (ROI) were identiﬁed in the proximal
femur and 1 ROI in the acetabulum. In addition, values were found for all
the femoral ROIs combined in order to describe the FF distribution over the
whole proximal femur. The mean value, standard deviation and entropy
of the FF distributions were determined for each ROI and compared with
severity of OA deﬁned by no OA (KLG 0 and 1), moderate OA (KLG 2 and 3)
and severe OA (KLG 4 and 5) where KLG 5 denotes a hip about to undergo
surgery for total hip replacement. Cysts were identiﬁed in 6 of the high
KLG subjects and fractional water content measured in the cysts, the region
immediately adjacent and two regions at increasing distances away. Data
are shown as mean (SD) where normally distributed, median [25%,75%]
otherwise. Groups were compared using ANOVA or Kruskal-Wallis ANOVA
on ranks as appropriate.
Results: Overall, in the whole proximal femur, patients with severe OA
had signiﬁcantly lower mean FF values 65.9% [60.0,71.2] than those with
moderate 75.8% [71.5,79.6] or no OA 76.1% [72.5,78.1] ( P=0.002). The
distribution of FF values had a signiﬁcantly greater standard deviation
(11.2±2.2%) and entropy (5.26±0.38) in severe OA than those with mod-
erate OA (8.4 (2.7)% and 4.7 (0.54) or no OA (8.3 (1.8)% and 4.77 (0.34))
(P<0.001 for both measures). Similar results were found in each of the ROIs
in the femoral head and neck and in the acetabulum. The lowest mean FF
values and the largest standard deviations and entropies were found in the
superior femoral head and acetabulum. The differences between groups
diminished with distance from the articulating region and vanished to-
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wards the femoral shaft. Fractional water content was highest in cysts, 89.3
(2.3)%, lower in the surrounding region, which had a similar appearance to
a Bone Marrow Lesion (BML), 67 (14)%, reducing to 52 (17)% and 45 (19)%
in regions further from the cyst.
Conclusions: Signiﬁcantly lower FF content was found in bone marrow
close to the hip joint in patients with severe OA compared with those
with milder disease. The distribution of lipid in these regions also changed,
shown by increased standard deviation and entropy, suggesting that the
bone marrow composition in severe OA may be more varied and possibly
more disorganized. These data indicate that the cellular environment in the
bone marrow does alter with disease progression but this appears to be
a late event rather than a predisposing factor. Cysts had the highest, and
the surrounding BML-like region a higher than the local average, fractional
water content.
Sponsor: This study was supported by an award from the Translational
Medicine Research Collaboration.
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Purpose: Osteoarthritis (OA) of the hand causes damage to the interartic-
ular cartilage, which is observed on a radiograph as a decrease in joint
space width (JSW). The purpose of this study was to validate a quantitative
software assessment tool for radiographic JSW by measuring differences
between OA and normal populations.
Methods: The study used 100 randomly selected baseline hand radiographs
from the Osteoarthritis Initiative (OAI). Fifty subjects (25 male, 25 female,
average age of 61.8 years) with no reported pain or diagnosis of OA were
deﬁned as normal, and 50 subjects (25 male, 25 female, average age of
62.4 years) with a reported physician diagnosis of OA, were deﬁned as
diseased. A semi-automated software tool was used to quantify JSW in the
MCP, PIP, and DIP joints of digits 2 to 5. JSW was measured in a central
region of width equal to half the distance between the outer margins of
the base of the phalanx. This region was separated into 5 equally spaced
areas as shown in Figure 1. The software provided a measure of JSW in
each region (JSW1, JSW2, JSW3, JSW4, JSW5), and a measure of central JSW
deﬁned as JSWc = (JSW2 + JSW3 + JSW4)/3 Measures of joint asymmetry
were deﬁned as JSWas1 = |JSW1 – JSW5|/(JSW1 + JSW5) and JSWas2 =
|JSW2 – JSW4|/(JSW2 + JSW2). Due to anatomical considerations, JSW1,
JSW5, and JSWas1 could not be measured consistently for the MCP joint.
Statistical analysis was performed for each joint type and the p-value from
a Students T-Test was used to quantify the difference between the normal
and diseased groups. The readings were performed blinded to disease state.
Results: The results are given in Table 1. Signiﬁcant differences (p<0.05)
were observed for all three joint types. JSW1 and JSW5 were the most
discriminating measures for the PIP and DIP joints, while JSW3 and JSW4
Figure 1
Table 1. P-values for the difference between the OA and normal subjects
JSW1 JSW2 JSW3 JSW4 JSW5 JSWc JSWas1 JSWas2
MCP N/A 0.083 0.028 0.022 N/A 0.032 N/A 0.029
PIP 0.001 0.031 0.046 0.035 0.002 0.028 0.041 0.004
DIP 0.001 0.015 0.024 0.060 0.017 0.025 0.100 0.839
were optimal for the MCP. Measures of joint asymmetry and central JSW
were less discriminating than the raw JSW.
Conclusions: This quantitative measure of JSW appears to have a high
level of discriminate validity for hand OA. The observations that all joint
types were predictive (including MCPs), and that raw JSW was more
predictive than joint asymmetry, suggest that hand OA may have a basis in
generalized cartilage loss.
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Purpose: Cartilage damage is one of the hallmark features of osteoarthritis
(OA)and may be assessed indirectly by radiography or directly by MRI. Risk
factors for tibiofemoral (TF) and patellofemoral (PF) cartilage loss differ
slightly and have only rarely been explicitly studied.
Cartilage loss over observational periods of less than 12 months is rare but
not uncommon and has not been described to date. Aim of the study was
to assess several non-MRI and MRI-features as baseline (BL) risk factors
that may predict PF and TF cartilage loss over a 6 months follow-up (FU)
period.
Methods: The JOG study is a double-blind randomized trial investigating
the effect of oral glucosamine supplementation. 177 subjects aged 35-65
with chronic, frequent knee pain were included. 3 T MRI of both knees was
performed at BL and 6 months FU using the same pulse sequence protocol
as in the Osteoarthritis Initiative (OAI). Knees were semiquantitatively
assessed according to the WORMS system by one expert MSK radiologist.
Cartilage status was scored on a scale from 0-6 in each of 5 subregions of
the medial and lateral TF compartments and in 4 subregions comprising
the PF joint. A change of +0.5 in any subregion, indicating within-grade pro-
gression, was deﬁned as the minimum requirement for cartilage loss. Bone
marrow lesions (BMLs), meniscal damage, meniscal extrusion, synovitis
and effusion were scored in addition and assessed as baseline risk factors.
All MR features were divided into two categories: present (score ≥1) and
absent (score=0). Logistic regression models were applied to assess the
risk of cartilage loss for knees exhibiting risk factors when compared to
knees without the risk factor at baseline. Risk of cartilage loss in the PF
joint was assessed separately from the TF joint. We performed a subregion-
based analysis using general estimating equations (GEE) to account for the
clustering of subregions within a knee and knees within an individual.
Multivariate models were adjusted for age, gender, treatment (oral glu-
cosamine) and BMI. In addition MRI-based risk factors were adjusted for
each other in a multi-adjusted model.
Results: 51.2% of participants were men, mean BMI was 29.1 (± 4.1).
Baseline Kellgren/Lawrence grades were (worst K/L grade for either left or
right knee): K/L 0: 37 (20.9%) knees, K/L 1: 14 (7.9%) knees, K/L 2: 26 (14.7%)
knees, K/L 3: 81 (45.8%) knees K/L 4: 19 (10.7%). Of the 353 knees, 304
knees (87.9%) and 1,153 subregions (23.3%) exhibited prevalent cartilage
damage at baseline. 56 (1.1%) subregions showed incident or worsening
cartilage damage at 6 months FU (Figure 1). Predictors for PF cartilage loss
Figure 1. Tibio-femoral cartilage loss in the medial compartment over 6 months. Left: Su-
perﬁcial cartilage damage is depicted in the central subregions of the medial femur and
tibia (arrows). Right: 6-month follow-up. Progression to full-thickness damage is visual-
ized (arrowheads).
